Editorial
The 'impact factor' -an explanation and its application to rehabilitation journals
Summary
The impact factor is calculated by dividing the number of times articles from a journal are cited in a core of about 5000 journals by the number of articles published by that journal in the same period of two years. It is used as a measure of a journal's scientific influence, but the assumptions underlying this use are flawed. Although the use of the impact factor is recognized to be invalid, nonetheless it continues, in part because no better agreed measure has yet been developed.
Background
The need for an objective judgement of research outcomes was recognized several decades ago by the Institute of Scientific Information (ISI) in Philadelphia, USA. 1 Its starting point is the idea that the quality of a research paper can be judged on the basis of the 'standing' of the scientific journal in which the work is published. This standing is expressed in a number of bibliometric indices, based on citation analysis. The assumptions underlying the use of bibliometric indices for this purpose are: (1) a citation is a formal acknowledgement of 'intellectual debt' to previously published research and an important indicator of how frequently current researchers are using the journal literature; (2) the higher the number of citations of a research article the higher the impact (= quality?) of the research paper. Every year the ISI Journal of Citation Reports (JCR) publishes a series of bibliometric indices relating to more than 5000 scientific journals in their Science Citation Index (SCI) database. Among the bibliometric indices of the JCR, the impact factor (IF) certainly is the one most often used for the ranking of journals, but it is also the one most frequently criticized for its misleading use as an indicator of the quality of any individual paper or scientist.
It is beyond the scope of this editorial to describe the process of how a journal is included in the ISI (for more information, visit the website http://www.isinet.com/isi/hot/essays/ 199701.html). Suffice to say that ISI's editorial staff reviews nearly 2000 new journal titles annually. Each journal goes through an extensive evaluation process (taking into account the basic publishing standard, editorial content, internationality of authorship and citation data), and only 10-12% of the new journals evaluated are selected. Clinical Rehabilitation was included in the ISI database as of January 1997. Hence (vide infra) in 1999 the first IF for Clinical Rehabilitation could be calculated, which turned out to be 0.981. 1
What is the impact factor?
The IF is a measure of the frequency with which the 'average article' in a journal has been cited in a particular period. The IF is basically a ratio between the number of times articles from a journal are cited, and the total number of potentially citable articles published in the same period. 1 For example, Clinical Rehabilitation published 105 articles in 1997 and 1998. The number of citations of 1997 and 1998 Clinical Rehabilitation articles in all source journals included in the ISI database in 1999 was 103. Hence, the IF was 103/105 = 0.981.
In 1999, the highest IF in clinical research was 28.9 for the New England Journal of Medicine. The Lancet was at 10.2. Top IFs are found in immunology (47.6) and genetics (30.7). Selections of journals in the JCR can be made according to the field of science they cover. In orthopaedics the highest IF was 2.5, in paediatrics 3.6.
In the field of 'rehabilitation' 19 journals are included. Table 1 shows these 19 titles, ordered according to their IF in 1999. Three journals have an impact factor exceeding 1. There is a cluster of 11 journals with an IF between 0.987 and 0.746. The field definition is broad: only eight journals, which are in italics in Table 1 , are dedicated to rehabilitation medicine. Of these eight journals, Clinical Rehabilitation ranks second.
Criticisms of the IF
The impact factor is a straightforward bibliometric index but its use as a judgement of quality of research has provoked much debate. The JCR itself warns that the JCR (and the IFs) should not be relied on as the sole source of information when comparing and evaluating publications, and that the citation data are intended to complement traditional qualitative and subjective inputs (such as peer surveys and specialist opinion). 2 Nevertheless, journal IFs are increasingly being used as 'objective' quantitative measures of quality of output of individuals, research groups or universities. So, excellence is sometimes equated with the ability to publish in journals with high IFs on the implicit (but invalid) premise that the IF of a journal is representative of its constituent articles and, hence, of the article authors. 3, 4 Unfortunately, there are some fundamental problems which seriously restrict the use of the frequency of citation as an indicator of scientific quality. Among them, we mention the following.
Author variability and citation bias
Being an indicator of average performance of a journal, IF is not valid for judging individual papers, individual scientists or groups of scientists because of the very skewed distribution of article citation. 4, 5 The variability is too large to make IF suitable as a parameter for quality evaluation. 6 Citation analysis is also susceptible to advertising (self-citation), camaraderie (in-house citations), competition and many other factors that may increase or decrease the number of citations, but have nothing to do with quality of research. 6, 7 Furthermore, a particularly bad article may be cited frequently in critical responses.
Field effects
There are medical specialties in which journals Editorial 117 made to bibliometric indices for the number of co-authors in each paper. 7 An increasing number of journals now require that each author complete a checklist indicating the specific contribution made to the study reported in the article. 10 
Peer review
Citation-based indicators measure the impact of research activities, as expressed in publication and citation patterns. Impact and scientific quality are by no means identical concepts; neither are impact and utility of research to users. 11 Therefore, citations-based indicators cannot be recommended as single indicators of research quality but should only be part of a larger peer review process in which scientific quality, scientific productivity and scientific relevance are judged by a group of independent experts.
We think that a major role of the scientific community is to improve and standardize the principles, procedures and criteria of this peer review process, rather than to discuss bibliometric indices that are meaningless for quality assessment of many aspects of the scientific productivity.
Relative IFs
At higher aggregate levels, like the comparisons between institutions or nations, it is necessary to consider field effects at the discipline level and to make appropriate corrections. 8 An often used mode for doing this is to use the ranking of a journal in a particular field and to assign a score accordingly (Table 1) . However, this is not completely without problems because of field definitions and scope of the various journals. Since the top two in the field 'rehabilitation' in 1999 were journals not dedicated to rehabilitation medicine, it is impossible for any research paper published in a journal dedicated to rehabilitation medicine to be in a journal obtaining maximum impact in the field. Therefore, also 'relative' IFs cannot be regarded as single indicators of research outcome.
Finally, one should remember that the SCI JCR is only one of the major international databases covering the literature in the biomedical fields (such as Medline/Index Medicus, Embase, Lifesci and so on), and it is not the 'gold standard'. If a particular journal represents -in the of IF greater than 2 do not exist. Many of them are clinical specialties, such as hand surgery, traumatology, geriatrics and rehabilitation medicine. 8 This is simply because citation habits and citation dynamics are so different in various research fields as to make evaluative comparisons on the basis of bibliometric indices difficult or impossible, unless appropriate field-dependent corrections are made. 3, 8, 9 Attempts to take the research field into account often consist of expressing citation rate relative to some citation impact specific to the area, but field corrections cannot always be accurately applied. 4
Citation window and other technicalities
The impact factor is calculated by dividing the number of all current citations of source items (original research articles, review articles and technical notes) published in a journal during the previous two years by the total number of articles that journal published in those two years. Its value is entirely based on citations appearing within two years of a paper being published. Therefore IFs are biased in favour of research fields and types of research that can produce quick results (e.g. laboratory investigations in animals) as opposed to clinical research, where the process of designing a trial, performing, analysing and publishing it usually takes 3-5 years. Impact factors are also biased towards fast working journals (i.e. with short time from submission to publication), which also has nothing to do with the quality of research reports. 5 So, high IFs are likely in journals covering large areas of basic research with a fast-expanding but short-lived literature that use many references per article.
Recommendations
Notwithstanding the above caveats, it is inevitable that IFs will play a role in the judgement of research outcomes and research groups. Some recommendations can be made for a more correct (or less incorrect) use of IF for this purpose.
Multi-authored papers
When the productivity of one individual scientist has to be assessed adjustments should be authors' view -the most appropriate vehicle for a specific research, we think that its indexing in one of the free on-line search services of the medical literature (such those using the retrieval engine of the US National Library of Medicine PubMed system) will help to ensure a suitable worldwide visibility and 'make the difference' more so than will a high IF.
